ABSTRACT A case study of the energy strategy concentrating on the HTS factors influence on the six priority areas are critically examined. The study is to know how high temperature superconducting (HTS) components can beneficially contribute to sustainability in some developing or developed countries.
Introduction
Superconductivity is a phenomenon of exactly zero electrical resistance and expulsion of magnetic fields occurring in certain materials when cooled below a characteristic critical temperature. It was discovered in 1911 by Heike Kamerlingh Onnes, the Dutch physicist at Leiden University known for his research into phenomena at extremely low temperature (Jerry Emanuelson, Colorado Future Science inc.). He noticed that the resistivity of mercury dropped abruptly at 4.2 K to a value below the resolution of his instruments [1] . Later, in 1987 at the University of Alabama and the University of Houston, ceramic superconductors with a critical temperature above the temperature of liquid nitrogen (77K) were produced. However, at the moment the best superconductor available is of the ceramic type II with Nitrogen cooling, and a critical temperature of 93K. The emerging influence of HTS technology and its products have become potential benefits to the whole field of electrical engineering. There are six significance areas the energy strategy of Europe that will be investigated in this paper and these are also applicable to energy strategy of other continents. These are core areas of concentration on the influence and products of HTS technology and are summarised as follows: (1) Economic and labour market growth, (2) Security of Supply, (3) Diversification, efficiency and sustainability, (4) Climate Change, (5) Innovation and (6) External Energy Policy. Table 1 refers to a broader description of these significance focus points. In other words, the discussion in this paper is centred on the likelihood of HTS being a contributing factor to either one of these six priority areas, and if so, to what extent. Tackling security and competitiveness of energy supply: towards a more efficient and diverse energy mix. 4 An integrated approach to tackling climate change. 5
Encouraging innovation: a strategic European energy technology plan. 6 Towards a coherent external energy policy.
In this paper, a short survey highlighting the important aspects of HTS is discussed. This is done to
give a good overview of the technological, economic and social aspects involved relevant to the discussion of this paper. This is followed by a short discussion on HTS sustainability and the European energy strategy, concentrating on the HTS factors influence on the six priority areas. Furthermore, the paper discusses a case study of how high temperature superconducting (HTS) components can beneficially contribute to sustainability in a country like the Netherlands. This case study is done bearing in mind the guidelines and balancing strategy set by the European government on sustainable development, competitiveness and security of supply.
Preliminary Survey
There are four subsections that would be addressed and these have been chosen because of their relevance to the matter arising in this paper.
Layout Market Penetration and Commercialisation
Sheahen and McConnell came up with an analytical model for estimating the future market for High Temperature Superconducting (HTS) power devices [2] . The model identifies and discusses four important variables which influence the market penetration levels and thus the speed of commercialisation: these variables are the current capacity of HTS wire, the manufacturing cost of HTS conductor, the efficiency of cryogenics (% Carnot) and the capital cost of cryogenics ($/kW of cooling capacity). They found economic savings to be very sensitive to these variables. These variables are important to the discussion surrounding the speed of commercialisation of HTS and shall be mentioned later in the paper. About 4 main HTS products exist and their estimated penetration levels according to literature can be shown in table 2 [2] [3] [4] [5] . Research done by the US Department of Energy, their office of Basic Energy Sciences in 2007, stated some important facts about superconductors transforming the electrical grid. It was stated that the most desired functionalities (high current densities, robust mechanical properties) have already been achieved, but that there was still a requirement for higher temperatures and a simplification of the manufacturing processes. The main challenge that was emphasised is the 'cost. When we relate this to the variables that influence market penetration, this means that research and cost reduction is required in the manufacturing of the HTS conductor and the capital cost of cryogenics [2] . The lays out of the cost overview is presented in table 3. 
The Technology of HTS Systems
HTS wires conduct more than 150 times the electrical current of a copper wire of the same dimensions. High-capacity; very low impedance superconductor cables are now being deployed in live grid cable projects which is paving the way for a brighter, more secure electricity future (American Superconductors). Some of the devices/products made of the HTS are highlighted below.
HTS cables
This consists of large numbers of wires containing HTS materials operating at 65 − 77K, insulated thermally and electrically from the environment. There is a cryogenic refrigerating system that maintains the temperature of the cable at the desired operating temperature, regardless of the load on the cable. An example of such cable system is shown in figure 1 . This cable system was designed, manufactured, and installed at Long Island Power Authority (LIPA) by Nexans, a worldwide leader in the cable industry.
HTS Transformers
HTS transformers use the same types of HTS materials as cables. The cables formed into coils and mounted on conventional transformer cores. Electrical insulation important aspects of HTS is discussed. This is done to Figure 1 . Example of a HTS cable design by Nexans [6] is accomplished by means other than conventional oil-and-paper, and typically involves a combination of solid materials, liquid cryogens, and vacuum. HTS transformers may be overloaded for periods of time without loss of transformer life. A prototype of such transformer is shown in figure 2. 
HTS Electromechanical Machines
These include HTS motors, generators, magnetic separators, and current limiters use HTS wires and tapes in a coil form. HTS generators are expected to be about half (1/2) the size and weight of a conventional machine. These generators have a low synchronous reactance that results in operation at very small load angles. Rotating cryogenic seals provide cooling for the rotating machines. An example of HTS ship propulsion generator is shown in 3.
Current and Future Status of HTS System
The development at the national laboratories of ion-beam assisted on deposition and Rolling-Assisted Biaxially Textured Substrate (RABiTS) technologies for producing high-performance HTS film conductors is suitable for Figure 3 . Ship Propulsion Generators [8] cables and transformers [9] . Presently, there are HTS Fault Current Limiters (FCL) that protect expensive equipment from damage due to electrical faults on the transmission grid and also HTS generators that offer improved efficiency, thereby reducing machine losses by as much as 50 percent compared to conventional generators of comparable size. In addition, HTS generators are substantially smaller and lighter than copper based machines and this enhance the performance-to-cost ratio for the industrial markets.
Commercialisation and market introduction require development of inexpensive wires for transmission and distribution.
High-temperature superconducting cables and equipment are now under development under a government-industry partnership, but are still years from wide-scale use. Additionally, there is an international race underway to develop and deploy the new second-generation coated conductors at ever higher temperature, some stating up to 100K − 200K.
Numerous companies in Europe, Japan, Korea and China are pursuing the technologies first demonstrated by the national labs. In some developing and developed countries, using high-temperature superconductivity wires to replace existing electric wires and cables may be analogous to the market penetration that occurred when the United States moved from copper wire to fiber optics in communications. Some pre-commercial demonstrations using commercial BSCCO wires are in progress, but the Superconductivity Partnerships with Industry and the Second-Generation Wire inventiveness could be expanded to include additional local and international Dutch companies. It is expected that one day superconductors will replace the conductors of electricity we use today. Superconductors will save billions of Euros for countries of the world.
HTS Contribution to Climate Change
It is possible to improve their efficiency electrical machines by applying high temperature superconductors (HTS) in generators, transformers and synchronous motors. Higher efficiency saves electrical energy and thus reduces greenhouse gas (GHG) emissions as well. Hartikainen et al performed a detailed study on the replacement of existing devices by HTS applications and investigated at what efficiency level and power range HTS becomes competitive [10] . Their research is based on Finish data, however, the results obtained can also be directly applicable to the any other developed or developing country. The authors of the paper generalise their findings to take an expanded view on the matter. It was found that HTS-based machinery is most competitive in systems with high nominal power. A break-even power level where HTS becomes competitive with conventional devices were defined, but this variable depends on the HTS device and application. It was also estimated that the HTS windings in power devices can reduce losses by approximately 50%compared to conventional devices. Using their model based on the break-even power, the range of 5 − 9% of total GHG (greenhouse gas) emissions from electricity production to be removed by HTS devices (motors, transformers, generators, cables) was estimated. It was also stated that by using American Superconductors data in their model, 4.61.2%of GHG, emissions from electricity production could be avoided. Using the DOEs data (US Department of Energy) would result into 6.72% reduction. Furthermore, after a sensitivity analysis on their model they mention that the reductions in emissions are achieved by boosting efficiencies of the devices rather than manufacturing volume. This matches the conclusions of the DOE which stated that, even though HTS is successful, there is a need for higher temperatures or cryogenic efficiency and a simplification in the manufacturing process. Finally, when the authors looked at the EU, it was stated that, "in view of the Kyoto Protocol, the utilisation of HTS machinery alone would result in 33 − 65% of the required reduction in emissions". The Kyoto Protocol requires the EU to reduce emissions by 8% from 1990 levels between 2008 and 2012. Moreover, using the market penetration model by Mulholland et al, it was found that the minimum time to achieve a 50% reduction of the potential is 15 years [4] .
Practical Examples
Several practical tests and developments have been conducted in the world. It has been reported that the critical current of bismuth strontium calcium copper oxide (BSCCO) cables was more than 200A at77K. It is expected that this improvement can accelerate the commercialisation of HTS equipment. There are also two other test projects completed. One of them is a HTS cable system in Albany, with a capacity of 34.5kV and 800A. The length of this system was 350 m based on tests and measurements on this system, it was concluded that this cable system had a good performance, because it has been operated in an actual power grid without big troubles for a period of 9 months. The other project is conducted in Korea. A HTS cable with a capacity of 22.9kV, 1250A and a length of 100m was subjected to a test procedure. This project has shown reliance and stability of the cables operation. After this, KEPCO (Korea Electric Power Corporation) conducted several tests on the cable from the point of view of an end user. No abnormal things were observed in responses to load cycle tests and heat cycles.
A recent project has started in Japan, where a HTS cable is observed in a real part of the grid. The system was equipped with monitoring components, an alarm system and a switching system. The aim of this project is to study the failure modes of HTS cables and the influence of fault currents and surge voltages. The schematic of this test system is depicted in figure 4 . The project, started in 2007 and the anticipated period of study is 5 years [11] . 
HTS DC versus AC Implementation
In the current grid, there are both AC and DC transport systems (cables). DC has been used for transporting energy over large distances. In HTS situation, there is also an option for connection using DC. DC has several important benefits compared to AC. The conductor loss in DC HTS is negligible when the system operates below its critical current. There is no reactive power and no loss in the insulation. In fact, the heat produced form the only loss. There are two studies completed on the introduction of HTS components with respect to replacement of existing transmission lines. One involves the replacement of a 380 kV overhead line with a length of 100km. The other one involves the replacement of an overhead line between a generation unit and a highly populated city area. The breakeven costs and life-cycle costs are evaluated in [12] . In 4, the breakeven costs and the life-cycle costs are shown for these situations. From this table it can be concluded that the realisation of a profitable connection is possible for the DC system. DC connections are more favourable compared to AC connections. Besides the costs aspects, there are also some technical problems to improve, like cabling/transposition methods, cooling, insulation materials etc. 
European Energy Policy
With regard to European Energy Policy a few things can be said with respect to the six priority areas aforementioned. With demand for electricity increasing by an average rate of 1.5% per year over 2001 − 2030, or 650GW of new capacity needed, huge constraints are put on the existing infrastructure [13] [14] [15] . Without doubt investments will need to be made, and there will be room for economic and labour market growth, the HTS industry will capture a segment of the market and offer new opportunities in that respect. All this depends on HTS market penetration levels, which were projected in the preliminary survey of section 2, giving asymptotic and maximum levels. The higher the penetration levels, the more the HTS industry will be able to contribute to economic growth and jobs. Moreover, looking at priority area five of table 1, HTS offers plenty of new know-how, and technology across a broad set of applications (Maglev, low voltage, energy storage). Since the EU are always looking for new ways to compete and gain a comparative advantage against countries outside their borders, HTS offers hopeful promises on which Europe can be a world leader, or exporter, adding to the economy, labour market, and sustainability. That brings us to priority six of table 1, which is the development of an external energy policy, engaging the international community. The benefits to the international community that HTS has to offer are discussed below in the form economical savings, sustainability and GHG reduction. The second priority area in table 1 is not so obviously related to HTS specifically, but increased solidarity between Member States and higher commitment will improve the practical implementation of superconductor technology (on which more will be said later). The 'roll-out' of a new technology on such large scale requires careful planning, and extensive criteria and cooperation is needed on reliability, maintenance and replacement policy within Member States. The future will demand increased security, competitive pricing and quality supply; the replacement of existing infrastructure by superconductor technology will need to show an improvement with respect to these future demands. HTS will indeed lead to higher competitiveness and economical savings. Again the contribution level of HTS is limited by market penetration. For example, the preliminary survey predicts cables to capture 35% of the market by 2020. Penetration of 30% will lead to energy savings of 1.5T W h or 0.75 Billion/year in a country like the Netherlands. HTS technology as already mentioned will increase the efficiency and the cost-competitiveness of at least four important devices (cables, generators, transformers, and motors). The main obstacles were also mentioned in the survey as being cost (cryogenics and manufactures). For example, the goal is to reduce costs well below the present $35 − 60kA/m to $10kA/m (set by the US DOE), and this can be expected within 2012 − 2015. Furthermore a simplification of the processes is needed (for example, layering, coating) and HTS must work at higher temperatures, and AC losses must be reduced, but the survey shows promising results. Finally, superconductors have been forecasted by the Kyoto Protocol would reduce 33 − 65% of the required emission 8% reduction by 2012. Looking at penetration levels for cables of 30%, for example, this saves 180Million/year of emission. It is obvious that superconductors can significantly contribute to a reduction of greenhouse gasses (GHG). The survey in section 2 made an important statement in saying that a higher contribution to resolving GHG can be made of superconductors by increasing their efficiencies and not manufacturing volume. Economies will drive the latter and not the former; the Dutch government must make sure that sufficient focus of the energy policies is on simulating efficient (also relevant to improving market penetration levels and effective HTS technology.
Conclusion
The discussion revolving around HTS is in knowing whether this technology can be successfully implemented in the some developing or developed countries. It will also contribute to the social, economic and political strategy of the continent of that country. This paper has shown from various alternative sources that market penetration levels will in the future be sufficiently high to contribute significantly to targets set for climate change, to goals for higher economic and technical efficiency for electrical generation and distribution facilities. More importantly, this paper has also highlighted the focus points (variables which influence market penetration, improvement is needed in reducing HTS costs, and cryogenic efficiency) on which further researches are needed. Projections have shown that HTS is well under way of replacing the existing infrastructure, driven by sustainability issues, higher energy demands and aging existing electrical utility assets. It is difficult to estimate large-scale introduction of HTS devices in the any of those countries, but implementation will be hurried along promptly if it is given adequate attention by the Regional Union and the country in question. The main problem will be in replacing the expensive existing infrastructure with unproven technology, and given the financial crisis, the government institutions of such country must take steps to smoothen the financing of HTS projects to set a standard and become a world leader in a new generation of electrical devices.
